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In  the  courue  of  a  study  of  fowl  obolera  we 
Interacted  In  the  growth  of  Baatcurella  avlolda.  the 
causative  organism.  In  the  body  of  the  Infected  bird. 
The  disease  produseu  by  this  organists  la  considered  to 
be  a  true  sept  looms  and  does  Illustrate  that  type  of  In- 
fect Ion  aa  well  aa  any  organise. 

Tory  little  work  haa  been  done  to  determine  how  the 
organlea  develops  In  the  body.  Some  ef  the  earlier  writ- 
era  atate  that  It  growa  rapidly  In  the  warn  cadaver,  bat 
do  not  report  on  growth  ourvee  daring  life.  Others  are 
Inclined  to  confer  little  pathogenic  significance  on  this 
organlam  and  believe  that  It  may  be  an  invader  of  the  tis- 
ane and  blood  only  following  death. 

fhla  report  Is  on  the  development  of  the  organism, 
aaatourolla  avlolda  In  the  body  of  the  susceptible  birds. 
He  have  not  been  able  to  loaunlse  birds  to  a  point  of 
strong  Immunity  against  the  organlam  when  Injected  In- 
traveneoualy  In  heavy  doses,  so  we  oanaot  report  on  the 
growth  In  Immune  blrda. 

II.  REVIEW  07  LITERATURE 


Bull  (1)  found  that  typhoid  baoillt  Injected  Into 
the  blood  of  normal  rabbits  were  agglutinated  and  pha/r- 
ooytlxed  so  that  they  disappeared  very  qalokly  from  the 


blood  stream.     He  found  that  In  twenty  minutes  eft or  In- 
jection of  large  numbers  of  a  virulent  culture  the  blood 
becaae  free  from  bacteria.     An  exealnatlon  of  tbe  cruehed 
organs  at  the  tliae  of  disappearance  froa  the  blood  at  re 
of  the  animal  showed  large  ambers  In  the  tissue  spaoes 
but  not  enough  to  account  for  all  the  buoteria  Injected. 

This  same  writer  (2)  also  found  that  pneunooooci 
olroulatlng  la  the  blood  stream  were  agglutinated  very 
rapidly  and  completely  following  the  injection  of  an  im- 
mune serum.     Shis  action  was  speolfle  but  Its  nature  was 
not  explained.     Agglutination  In  the  body  took  place  In 
muoh  smaller  dllatlona  of  serum  than  was  effective  In  the 
test  tube.     He  found  that  the  Shiga  type  of  dysentary 
baolllus  wae  net  agglutinated  in  twenty  minutes,  while 
the     leaner  type  wae  rapidly  agglutinated,     when  the  an- 
imal was  killed  within  a  few  minutes  leucocytes  carrying 
large  numbers  of  the  Flexner  type  were  found  In  the  In 
liver  and  spleen  of  the  animals.     A  non-virulent  atraln 
of  the   imluensa  baalllas  was  rapidly  agglutinated  while 
a  virulent  strain  was  not.     Uhen  these  organisms  are  not 
promptly  removed  from  the  blood  otreaa.   they  grow  aad  pro- 
duce a  fatal  aeptloeme. 

The  same  means  whleh  causes  damping  aad  removal  of 
bacteria  from  the  blood  and  their  accumulation  in  the  or- 
gans, also  causes  a  leuoopenla  with  oooumulatlon  of  poly 


Borphneaelar  leucocytes  In  the  some  organs.  The  dlplo- 
ooool  which  fall  to  be  agglutinated  tend  net  to  be  phag- 
ooyted  and  peralat  longer  In  Tlable  i'oru  than  these  In 
the  clumps. 

In  a  discussion  of  the  lmaunity  factors  In  pneu- 
moeaooas  Infection  In  the  dog,  Sail  (4)  points  oat  that 
there  la  a  very  rapid  decrease  In  the  bacteria  injected, 
followed  in  forty-eight  to  ninety-six  hoars  by  a  slight 
increase.  He  considered  the  tine  lapse  between  the  first 
decrease  sad  the  rise,  as  a  time  neoeeaary  for  the  organ- 
isms to  adapt  themselves  to  a  nee  and  adverse  environment 
When  they  once  beooae  laanne  to  the  Injurious  antibodies 
present  a  rapid  multiplication  ooeurred  and  symptoms  of 
disease  beeaiae  aanlfeat.  If  these  facte  can  be  used  to 
Interpret  the  incubation  period  of  lnfeotloas  dlBeaoe  In 
aaa,  the  logical  conclusion  Is  that  It  has  a  similar  m 
lag  In  the  dog.  for  If  bacteria  find  Ideal  conditions  for 
multiplication  en  entering  the  new  host,  only  a  few  hoars 
will  elapse  between  the  tlae  of  infection  and  the  appear- 
ance of  symptoms  of  dlseaae.  In  the  paewaeooeens  septi- 
oaala  in  rabbltB  the  result  Is  fatal  before  the  defensive 
antibodies  oaa  be  formed,  while  In  dogs,  the  second  do- 
orcase Is  due  to  antibodies  whloh  are  formed  after  in- 
fect ion. 

Ball  (6)  aloo  reported  a  study  of  Bacillus  avlsow- 


in  dogs  and  rabbits.     He  ooriBidexod  the  organ Is 
as  highly  toxic  to  both  astasia  and  found  1  oo.   pet  kilo, 
to  be  eux'floiont  to  caute  death. 

Hadley  (6)  latex  refuted  these  findings  and  deter- 
mined that  Ball  was  using  a  culture  of  the  organ  lame  of 
fowl  typhoid. 

Tjrau.be  and  Oaeheidlea  (7)  oonduoted  the  first  ex- 
perlaeatal  work  on  the  development  of  organ lame  tn  the 
blood  of  warn  blooded  entasis.     ..hoy  instated  rabbits 
and  dogs  iatraveaeouBly  with  statuses  of  put raiao tiro 
bacteria.      Ehey  found  that  blood  removed  from  those 
oataslB  aader  aaeptlo  oonditlone  did  not  putrlfy  sad 
oonsldered  the  osonlsod  oxygen  of  the  blood  corpuscles 
was  harmful  to  the  bacteria.     If  Tory  largo  rkbbob  of 
bacteria  were  injected  the  antaal  died  in  M  to  48  hoars. 
Then  they  foaad  baoterla  In  the  blood  a  abort  tine  be- 
fore death. 

Cheyne  (8)  found  that  whoa  ho  Invested  one-fourth 
to  three-fourths  of  u  oo.   of  beoterlal  culture  into 
healthy  animals,  the  animals  survived,  but  if  they  were 
poisoned  with  phosphorous  or  Injected  with  large  amounts 
of  oultare  the  animal  auooumbed. 

Podor  (9)   injected  twenty  to  fifty  Billion  baoterla 
into  rabbits  and  examined  their  blood  at  various  inter- 
vals.    Ho  found  that  in  the  healthy  animals  the  organ- 


lorn  disappeared  from  the  blood  In  four  to  eight  hourc, 
bat  were  much  elower  in  disappearing  from  the  blood  of 
starved  ox  week  animals. 

syeeokowlteoh  (10)  made  a  study   of  the   injection 
of  puxe  cult u ret  of  oxpnnlsns  grown  on  solid  aedla  and 
suspended  In  salt  solution.     He  studied  both  saprophytic 
sad  pathogenic  baotexla  sad  moldo. 

rerkaan.  Kelson  and  Palmer  (11)   need  galnea  pigs 
looking  Titaadn  C  which  were  ccorbutlc.     The;  nsed  pneu- 
aocoeel  and  £.  anthxaola  as  their   Infecting  natexlal. 
Guinea  pigs  soffexlng  fxoa  the  leek  of  rite  sin  C  experi- 
enced a  deiinlte  and  determinable,  though  not  mexked, 
brock  In  their  resistance  to  these  oxganioas.     2he  re- 
daoed  body  terapexs-ture   Is  of  primary   significance  In  ac- 
counting fox  the  xeuuoed  xeslstonoe  to   infeotion.     Guinea 
pigs  leaking  vitamin  C  xeveel  no  difference  In  their  a- 
blllty  to  pxodnse  spec  If  lo  agglutinins  for  the  typhoid 
baelllos  from  that  of  healthy  animals.     Investigations 
of  the  phagocytic  activities  In  gnlnea  pigs  laeklng  Tl- 
tamln  C  xeTeal  no  Injury  to  the  phagooytle  meohenlam  as 
the  result  of  Titan  In  C  depxlvatlon. 

Smith  (12)  states  that  rednolng  the  Intake  of  Tl- 
tamln  A  to  a  oinlrauu  lerel  which  Is  jnst  compatible  with 
life  decreases  the  xeelutaroe  of  the  noxmel  rat  to  tubex- 
oolo-proteln  but  slightly,  whereas  the  susceptibility  of 


the  tubercle  bacllluB  Infected  rat  la  bo  greatly  lnoreas- 
ed  that  It  generally  suocumbfl  to  Tery  snail  amounts  of 
tubereulo-protoin. 

III.     liTUBX  OF  XHS  DISEASE 


1.     Type  of  Infection 

fowl  cholera  is  an  acute  infectious  septloema  of 
domesticated  and  wild  blrda.     The  portal  of  entry  Is 
probably  the  mucous  raeabranea  of  the  phamyx  01  nasal 
cleft.     The  birds  nasally  die  within  one  to  three  days 
after  infection,  depending  on  the  v  Irulenoe  of  the  or- 
ganism and  bodily  resistance. 

2.     Growth  of  Organisms  In  the  Body  of  Bird 

She  growth  of  the  organism  In  the  body  of  the  bird 
in  at  ill  open  to  maoh  discussion.     r;he  only  method  avail- 
able la  a  stady  of  the  organs  of  the  bird  after  death 
occurred.     This  leaves  for  discussion  the  rate  of  devcl- 
opment  In  the  organs,  the  possibility  of  meohonleal  re- 
moval fton  the  blood  stream  and  the  rate  of  development 
In  the  blood  stream.     Xhe*«  points  are  discussed  mere  In 
detail  later  In  this  paper. 


".'oct-nortea  Changes  In  Aoute  Cases 


Lealone  found  on  post-morten  Include  petechial 
>rrhages  on  the  heart  and  vlecerul  fat,  congestion 
of  the  longs,  liver,  spleen  and  Intestinal  nuoose,  ana 
enormous  numbers  of  organisms  free  In  the  blood  stream. 
:  ootlonc  of  the   organ  tissues  show  the  organisms  pre- 
sent in  the  auoouB  exudate  of  the  alvtoli     ind  bronohi 
of  the  lunge.     In  these  areas  there  appears  to  be  large 
oolony  like  masses  of  baoterla.     sobs  of  these  appear 
to  be  of  different  types  although  on  oulture  they  seem 
to  be  the  same  organ  1  ecu     Sis  organ  lams  are  found  to  a 
lssser  extent  In  the  spleen,  liver,  kidneys,  and  muscles. 


4.     The  Canoe  of  Death 


The  exaot  eauae  of  death  in  fowl  oholera  Is  as  yet 
a  debatable  question.      The  most  likely  explanation  Is 
that  death  Is  a  reault  of  sub-oxidation  of  the  body 
tissues.      The  cause  of  thla  sub-oxidation  1b  not  known. 
The  lack  of  oxygen  may  be  due  to  competition,  between  the 
body  oells  and  the  enormous  number  of  baoterla  free  la 
the  blood  stream;  again  It  may  be  due  to  the  docxeoeed 
long  capacity  oaused  by  the  oolleotlon  of  bacterial 
clumps  and  exudate  In  alveoli  and  bronchi;  or  both  the 


Ijotc   HMM, 


IT.     BXPRRIUEHTM, 


The  phase  which  seemed  to  offer  the  beet  eolation 
to  the  above  problem  wee  to  study  the  rate  of  growth 
total  numbers  of  baoterla  present   In  the  blood  of  the  In- 
fect od  blrdo  daring  life,     The  problem  was  approached 
from  thlo  angle.     Several  methods  ef  artificial  Inocula- 
tion were  ooneldered.     The  nethod  of  intravenous  injeo- 
tlon  wao  chosen  for  the  following  reasons: 

(1).     The  tine  of  entrance  of  the  organ leu  Into  the 
blood  otrean  Is  definitely  known. 

(2).     The  number  of  bacteria  entering  the  blood 
Btreaa  at  the  beginning  of  Infection  ia  known. 

(3).     The  proteotlve  power  of  body  nay  be  Btudied 
directly. 

(4).     Shis  method  of  infection  is  easy  to  ncooapllf 

(5).     Birds  ace  in  practically  normal  condition  at 
the  tine  the  organism  enters  the  blood  stream. 


1.     Cultures  Deed 


Cultures  Hoc.    p  16-970  and  4777  of  proved  purity 
and  pathogenicity  wore  used  throughout  this  work, 
ture  4777  was  isolated  from  a  mature  bird  from  a  field 


MM  Of  fowl  cbolerc.      Culture   F  16.978  wea  Isolated 
from  a  tea  day  old  chick.     Both  cultures  were  typloai 
of  X'astcurella  av  to  ids  In  ourbohydrate  fermentation  and 
In  etalnlng  characteristics.     Dr.   Beoudettc  of  tbe  Km 
Jersey  Agricultural  Experiment  ftatlon  decor  lb  ou  culture 
P  16-878  aa  follows.      "A  typloal  flaoreaoent  type.     In 
teats  It  killed  young  ohlokn  In  48  hours  when  tnatllled 
Into  tbe  nasal  cavity,     when  ten  adult  hlrdB  were  sim- 
ilarly treated,  four  died." 

Cultures  for   inoculation  were  grown  In  ohloken 
meet- Initio  Ion  broth.     This  broth  was  prepared  In  the  fol- 
lowing Banner:-    Fresh  ohloken  meat  was  ran  through  a 
meat  grinder  and  Mded  to  distilled  water  In  the  ratio 
of  600  grams  of  meat  to  1,000  co.  of  water.     To  this  was 
added  0.2  percent  Bodlin  citrate.     ?hls  mixture  was  stir- 
red well  and  plaoed  In  the  lee  box  oyer  night.      It  woe 
then  autoolsyed  at  80  pounds  pressure  for  60  minutes. 
The  broth  was  then  renoTed  by  straining  through  one  thlok- 
mm  of  oheeseoloth.     ft  this  stoek  broth  wae  added  8  per- 
cent peptone  (Parke-DoTls  Bscterlologlo)  and  1  percent 
C.P.   sodium  chlorite.     The  reaction  wae  odjuuted  to  pn 
7.2.     The  medio  was  then  tubed  and  sterilised  at  20 
of  pressure  for  30  minutes. 

The  broth  tubes  were  Inoouloteu  from  a  84  hour 
growth  of  Pastooxella  ETlcldc  on  heaolysed  blood  agar. 


this  hesolysed  blood  agar  will  be  deucrlbod  later. 
cultures  mii  then  lnoabated  19  to  24  hours  at  37°C. 
Those  cultures  furnished  the  aupply  of  Inoculating  rantori 
fox  each  dcye  work.     As  it  waa  Impossible  to  Inoculate 
study  bat  one  bird  each  day,  oultuxes  as  nearly  of  unlforn 
composition  and  ape  were  need  throughout  the  work. 

In  preparing  the   Inooulant  tuny  precautions  were  neo- 
esaary.     As  the  gaatourollc  aTlolda  organism  gross  with  a 
typloal  allay  growth,  vhloh  settles  to  the  bottom  of  the 
tube  In  16  to  20  hours,  only  the  top  half  of  the  culture 
wsa  xemoved  to  another  tube.     This  gives  s  culture  free 
from  precipitate  and  atzlngy  growth  clasps,     so  iuxther 
remove,  as  fax  as  possible,  say  renaming  olaaps  the  cul- 
ture wot  filtered  thxough  atexils  glass  wool.     2hls  pro- 
oedure  waa  followed  in  pxspaxlng  all  oultuxes  for  inocu- 
lation. 


2.     Birds  Ussd 


The  birds  asset  In  thsse  inoculation  experiments  wexs 
fxom  Toxlous  sources.     All  were  in  good  physical  condition 
except  sane  birds  lacking  vitamin  A.     Thsse  lattex  blxds 
had  been  on  experiment  appxoxinately  nine  weeks  sod  were 
just  beginning  to  show  symptoms  of  the  laok  of  vitamin  A. 
On  autopsy  all  showed  slight  deposits  of  uxates  In  the 
ureters.     Shore  waa  also  paleness  of  the  kidneys.     .Ml 


other  birdc  need  were  in  good  phyaical  condition  and  had 
received  an  adequate  dlot. 

Some  birde  from  both  groupo,    i.e.,   the  adequate  diet 
group  and  those  on  Inadequate  diet,  had  received  several 
veeeinctlons  with  killed  cultures  of  Bftstearolla  avloida 
before  they  vera  inoculated  with  the  cultures.     *hese 
▼aeeinatlons  had  been  at  various  intervale  and  with  vary- 
ing snoamts,     Hone  of  the  blrda  showed  any  1X1  effect t 
from  these  treatments.     One  phase  of  thla  problem  wae  to 
study  the  development  ef  the  organism  in  the  three  groups 
of  birds* 

(1).     Vaccinated. 

(2).     Unvacoinated. 

(3).     Vitamin  A  deficient. 

In  order  to  determine  the  presence  of  antibodies 
the  bleed  ef  the  birds  was  examined  by  means  of  the 
plemsnt  fixation  teet. 

The  standard  complement  fixation  test  as 
ed  by  Kolraer  (IS)  was  need.     All  antlgene  used  mere  pre- 
pared the  same  ss  Basemell  and  Hudson  (14)  desorlbed  in 
the  preparation  of  salmonella  pulloram  antigens  far  com* 
plemsat  fixation  tests. 

She  results  of  these  tests  mere  used  ss  the  basis 
for  classifying  the  birds  in  positive  and  aagat ive  groups* 
Only  birds  showing  fixation  of  complement  were  inoludeu  in 


positive  group.      Vaccinated  birds  thftt  Aid  not  fix 
«*onpleuent  tore  classified  as  negative. 

Bixds  classed  as  vitamin  A  deficient  wax*  birde  Horn 
vitamin  A  deficient  p»aa  and  could  be  classed  an  each  on- 
ly according  to  the  feed  lag  record,  as  no  teat  could  'ue 
made  to  determine  If  the  birds  were  suffering  fxou  lack 
of  this  vitamin  except  on  autopsy. 


8>     iisthod  of    Inoculation 


Inoculation  was  ante  by  use  of  stexlle  b  oo  Luex 
oyxlngss  and  87  gauge  needles,      xhe   point  celooted  fox 
Inoculation  was  the  most  prominent   vein  of  the  iore-axm, 
the  Vtnc   xad tells  profunda.     This  rein   Is  of  euf f lelent 
else  and  capacity  to  be  used  fox  Inoculation  without 
danger  of  hemorrhage  ox  collapse. 

She  vein  was  prepared  for  Inoculation  by  first 
plucking  all  f  ecthexe  in  tha  necr  vicinity  and  watting 
the  akin.     Tha  axaa  was  than  washed  with  &  pexosnt  phenol 
and  the  Injection  made  Into  tha  vain. 

Tha  method  of  calculating  tha  number  of  baetexla  in- 
jected into  tha  blood  stream  la  aa  follows,     i'he  lnoou- 
lant  waa  plated  as  deaorlbad,  and  the  number  of  baetexla 
xeeoxded.     Before   Injeotlon,  all  birds  waxa  weighed, 
the  weight  of  blood   In  tha  bird  was  calculated  as  one- 
twelfth  of  the  body  weight  and  waa  eonaidexed  aa  having 


•  specific  gravity  of  oao.     -ion  this  data,  tin  nwaber 
oi  organlass  Injected  Into  ooch  cubic  centlueter  of  blood 
could  be  very  easily  calculated,       uch  s.  lasthod  was  used 
throughout  thiB  work. 

4.     llethods  of  Culture  Proa  Birds 

Blooding  was  accomplished  from  the  same  vela  on  the 
opposite  wing  fxeu  the  one  Injected.     The  fore-arm  was 
prepared  for  Bleeding  In  the  sane  manner  aa  for  Injec- 
tion except  that  the  akin  ovx  the  vein  was  incised  for 
one-half  to  three-quarters  of  an  Inoh  with  s  sharp  star* 
lie  aoalpel.     i'he  vela  was  then  punctured  and  the  blood 
collected  In  t>  tor  lie  1  percent  sodium  oltrate  In  sterile 
6  oo.   syringes,  1  oo.  of  blood  being  collected  In  1  oo. 
of  oltrate  solution.     lata  large  quantity  lessened  the 
ohanoe  for  error  that  would  be  Incurred  If  smaller  a- 
moonte  had  keen  collected. 

She  wound  was  then  covered  with  sterile  abeorbant 
cotton  and  closely  observed  until  bleeding  had  oeased. 
On  reopening  the  wound  for  further   bleeding  the  cotton 
was  removed,  the  wound  waBhed  with  6  percent  phenol  and 
thoroughly  dried,     '.'he  blood  flow  wsa  again  initiated 
and  from  one  to  two  oo.  of  blood  allowed  to  flow  before 
another  sample  was  collected.     Shis  procedure  gave  a 


sauplts  of  blood  froe  from  contaminating  organ  I  hub. 
technique  was  followed  rigidly  throughout  this  work. 

Counting  tho  nuuber  of  baoterle  la  the  recovered 
blood  was  aoooaplianed  by  the  plot*  culture  method. 
liiiuiiut  used  ass  fbyelologloal  ualine  made 
o.p.   salt  and  triple  distilled  wuter.     vhe  dilation  bit 
were  carefully  standardised  and  Ireehly  oade.     After 
dilation  blank  we  inoculated  It  was  agitated  a  definite 
noneer  of  tines  to  give  an  even  distribution  of  bacteria. 

All  pipettes  were  of  standard  else  and  oallberatad 
aooaratoly.     Vbey  had  been  previously  plugged,  wrapped 
and  i. ter Hissed. 

The  aedioa  used  in  those  plate  ooonts  differed  fron 
the  aedlua  asad  In  growing  the  organism  In  stock  and  la 
known  as  heaolysed  blood  agar.     It  oonslsts  of  beef  ex- 
tract (IieMg'c)  0.3  percent,  o.p.  sodiaa  chloride  0.5 
poroent,  peptone  (Farke-Savls  Beoterlologle)  2  peroent, 
sodiaa  oltrate  0.2  percent, and  agar  agar  2  peroent.  ed- 
jueted  to  pV     .   .       he  medlam  thus  prepared  was  tubed  In 
9  oo.  amounts  and  sterilised  at  SO  pounds  pressure  fox 
SO  minutes  In  the  autoclave,     Shea  ready  for  plating  t'j 
tubes  were  melted  and  cooled  to  45° C,  then  1  oo.   of 
lysed  blood  was  added  to  saoh  tube.     lala  heuolysed  bio 
was  prepared  by  adding  10  oo.  of  sterile  defibrlnated 


ohiofc.Au  blood  to  'JO  00.   oi  ttorile   triple  uU.llli.uu  water, 
lulu  gave  a  taediuca  hlpuly  adapted  to   the  growth  of  too 
organ!  on.     Shis   prooedure  also  siaplU'led  the  otandbrd- 
lMtlon  of  the  amount  of  media  added  to  eaoh  culture 
pin  to.      It  also  ol lain* tod  aoae  danger*  whluu   ure  en- 
ooontereu  by  wing  larger  amounts  of  Medium. 

Mgaout  the  platiag  of  all  blood  eagles  tbo 
following  uniform  tsofcalque  Has  ob&erTed: 

(1).     Aoourato  amount u  of  laoomlant  were  added  to 
eaob  pi*  to. 

(2).     Same  temperature  of  uedlota  when  addod  to  cul- 
turo  plate. 

(w).     carei  .uooulant  throughout 

tbo   aedluuu 

(4).      Careful  labeling  of  euob  plate. 

incubation  of  all  culture  plates  was  made  in  •  37°C 
ineusator.     All  platoe  were  inoubatod  on  tbo  saue  level 
and  for  the  sane  length  of   tine,  whiob  was  24  hours. 

HM  inooulaat  was  plated  in  the  saao  inner,  in  the 
mm  kind  of  oediua  and  inoubatod  tbo  suue  length  of  tl 
as  the  blood  culture   plates. 

lite  surface  colonies  appear  after  £4  hours  incuba- 
tion as  small  dew-drop  like  colonies,     .ubsurfaco  colon- 
ies are  lenticular  and  uniform  in  appearance. 


and    '•>.■..   iKaiectlng   binocular       i-iliU'tad 
oountlng  nod  the  aoouxaoy  of  the  work  by  enabling 
the  obuoivatlon  of  any  aaall  obsouxe  gro\  ;  Lea. 

E.     ',  ethode  In  Artlflolal  Madia 

';he  growth  oi  the  organ la«  wan  etudiod    In  srtlfiola] 
aedle.     Birds  that  were  to  bo  used  fox   intra vausous  In- 
jo j la tl on  were  bled  froi«  tbe  ti».ui   just  before  use.      Ten 
oo.  of  blood  ma  xeaoved  final  tba  heart  «lth  sterile 
needle  a.id  ayringe.     Five  oo.   of  this  blood  were  allowed 
to  olot  and  2  oo.   roaored.   (labeled  wholo-blood). 

Tbe  tabea  of  serum  and  whole  blood     ere  then  1 
ooalated  with  equal  anoants  of  culture,   proportional  to 
the  dosage  Introduced  Into  the  birds.     Parallel  plat* 
oultuxes  were  made  from  these  sexaa  and  whole  blood  tuba 
at  Intervals  oorrespondlng  to  the  time  of  bleeding  fron 
the  birds.     Caltorlng  and  oountlng  of  platea  was  the 

•a  previously  desoribed. 

?.      RESULTS  OKAIRS 


1.     suuaarr 


jlri.j 


Tba  following  table  will  ahow  aone  of  the  aera  typ- 
loal  eaaea  examined  although  some  of  the  birds  died  too 
quio  :ly  to  give  a  good  growth  out*.      Others  lived   for 


Mvexal  dajt  sad  buowou  ^able  auotualiea  in  \a» 

kaatcxlttl  oontuut  ox   tae  blood.     ftUt  I  ehom  only  thot 
which   died  eithin  24  hour*  bi.ei    iuooule  Uon. 

Figure  1  shove  the  oarve  obtained  from  the  results 
able  I.     SkU  curve  v.tii.  obtained  by  plotting  the  log 
o*   the  number  of  baoterio  found  per  oo.  oi"  blood  against 
hours  of  inl'eotlua. 
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Hours  of  Infection 


Figure  1.     Average     growth  ourve  of  Pant  ear  ella 
nTlo Ida  In  all  birds. 
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Ill  be  iioUii  in  .  ifiit-i  I  -xosa  the  tlae  of 

Injection  Into  toe  blood  stxaan  to  ooe-half  hour  after 
jactloA,  an  enoxaoua  daoiease  la  the  annbax  of  bacteria 
the  circulation  hua  taken  plaoa.  Ac  exculru-tlon  of  the 
graphs  pxeptxed  from  the  data  on  Individual  birds  those 
this  eaae  decrease,  to  tcx,  lev,  oaeec  did  the  dec  x  eaae 
continue  fox  more  than  one-in.1.-   hoax. 

At  to*  «ad  I  iWu  Is  greater  than 

the   decrease  and  tha  curve  shows  a  alight  npwaxd  trend. 
This  would   Indicate  that  the  xeaalnlng  bacteria  have  be- 
ootae  accustomed  to  theix  nee  envlxonaeat  and  have  asauia- 
ad  tha  noxaal  fonotlon  of  xe  prod  action.      It   to  at  thla 
paint  that  the  aggxeEeiveneoa  of  thla  oxganlua  la  beat 
shown. 

Has  nay  we  sooount  fox  the   Initial  dxop  fax  one-half 
hoar?     it  nuat  not  be  dae  to  physical  axowding  ox  took  of 
nutriaenta  but    It  say  be  tea  to  tha  pxesanoe  oi  .uetc.&ollc 
wastes  auloh  axe  lnhibitoxy  to  growth.     Che  serun  and 
whole  blood  apparently  have  no  geraloldlel  action  U. 
Tltxo  aa  shown  l&tex.      If  the  blood  in  tItq  it  germicidal 
tha  propertj   is  lost  daring  the  bleeding, dcixlbriuation, 
and  subsequent  texua  xeuov&l.      It  is  poeslblo  that  the 
blood  la  goxmlo  ldl&l  only  in  tIto  end  thla  factor  any  bo 
responsible  fox  the  fixst  bsli-houx  decline,     Agglutln- 
at  ion  of  the  baotexla  and  subsequent  xeaoval  of  tha 


I  tat, 
whit  is 

■.durably  air  m,  aay   euat»M  for  the  tiecth  of 

Mat  of  the  orgsnicns.  cannot  list 

in  the  lifht  of  our  present  knov 

2.     Swwary  of  fiaoh  Group 

*•     Btr<g  focitlTc  to   the  Coa)pleB*nt   .  lxat- 
In  Sable   II  Is  a  eaaofixj-  oi  the  rcoulU   obtained  from 
the  birds  positive  t  neat  fixation  te:    . 

are  2  ie  tho  carve  derived  froa  the  cver&gec  of  the  re- 
spite nbteir.ed  in  Table  II. 


A        3        q        5-        6 

Hours  of  infection 


© 


Figure  2.     Growth  earn  of  raetftnrellc  nvioids  la 
the  body  of  birde  positive  to  the  complement    fixation  tet 
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On  examining  the  curve  plotted  irora  the  average  of 
the  results  obtained  from  the  blrde  positive  to  the  ooa- 
pleoent  fixation  test  It  will  be  noted  that  the   Initial 
drop  la  loner,  and  continues  for  twloe  the  length  of  t 
than  the  drop  In  the  curve  plotted  lor  the  whole  proup 
of  blrde.     ihla  drop  la  due  to  aoae  unknown  factor,  aa 
yet,  ondetecmlned  aa  mentioned  above. 

B.  Birds  negative  to,  Jjhe_  Complement  :  Ixatlon  leet. 
The  data  oolleotad  frota  blrda  negative  to  the  complement 
fixation  test  la  preaentedln  »able  III.  In  the  negative 
blrda  the  drop  continues  for  one-half  hour  which  la  one- 
half  aa  long  aa  the  drop  In  the  positive  blrda.  'ihls  Is 
followed  by  a  sharp  Inoreaee  In  numbers. 


Hours  of  infection 

Figure  3.     Curve  of  growth  of  isetearella  avlolda 
In  the  body  of  birds  negative  to  the  oomplenent  fixation 
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C     ATltaalaoala  Blxde.     Sable  IV  la  a  aaanaxy  of 
the  xeeulte  obtained  fxom  a  istudy  of  the  Tit  as  la  A  de- 
ficient blxds  uBCd  In  thaaa  expextnentB.     On  autopsy 
all  of  thaaa  blxdo  showed  Blight  dapoalte  of  uxatea  In 
tba  ureterc  and  exoasa  uxatea  la  the  kidneys,     i'haca 
blxda  were  fxoia  pana  unifoxnly  laoklnp  In  Tltonln  A 
and  axe  clinically  quite  typloal  of  avltanlnooU 
Figure  4  «ae  obtained  by  plotting  the  log  of  the  avex- 
agea  fox  all  tba  blxda  In  thla  group. 


Hours  of   Infection 
Figure  4.      Graph  showing  growth  of  Baateuxello 
aTlolda  la  the  body  of  blxdB  on  Tltonln  a  def  lolant  diet. 
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flaws  iry  of  Rssnlts  In  Art  if  total  lied  ion 


lbs  growth  curvet!  In  art  If  total  media  are  presented 
••  follows.     Ib  Sable  V  to  a  auauary  of  too  result  a  ob- 
tained i'jron  the  birds  used  In  thle  group.      In  Tablo  VI 
la  a  im— nrj  of  tbo  growth  ooenrring  In  aorum  obtained 
froa  tho  corresponding  bird  in  iable  V.     table  VII  la 
a  eoaMarjr  of  tho  growth  ooaurring  in  the  wholo  blood 
obtained  fron  tbo  corresponding  bird  in  'labia  V.     Those 
tables  aro  presented  In  graph  fore  In  Figaro  s.     Figaro 
5C  Is  the  curve  ehowing  the  growth  tn  the  blood  etreea 
of  the  birds.     rigor*  6B  is  tho  growth  curve  of  the  or- 
gantaoB  In  wholo  blood.     Figaro  tl  Is  tho  growth  curve 
of  tho  organ  ten  in  the  blood  sorts. 
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Hours  after    inoculation 


figure  C.     Sue  growth  curve  of  Baste urella  CTlcldc 
In:   (C)-  the  body  of  normal  birds;   (B)-  whole  blood  from 
the  saaa  normal  blxdc;   (    )-  blood  eerna  from  the 
birds. 


VI.      iHLCUSSIOB  OJF  BSSULXS 


In  ell  groups  of  birds  the  eymptons  of  the  dicaase 
on  artlfiolal   infection  ware  very  similar  to  spontaneous 
field  oesee.     Cjanoule  of  the  oonb  and  wattlaa  was  gen- 
eral  and  coaU  be  noticed  In  all  croupe  for  some  time 
prior  to  death. 

On  autopsy,  all  birds  vara  oal tared  fron  the  heart 


on  hanolysed  blood  eg*!.  2h*  growth  fxoa  the  isolated 
culture  was  than  tx&nsfexxed  to  dextrose,  lnctoee,  nol- 
tooe  end  saeohaxose  fomentation  tubee.  Growth  was  h* 
cured  In  all  oooeo  and  Pastenrolla  avlcjda  In  pure  onl- 
tuxe  wai:  iBOlated  fxom  all  the  blxds  aatopatod.  Aa 
by  Qxaa's  staining  and  foxrmtion  of  aold  In  dextrose  and 
saoebaxofce.  all  oultuxee  wexe  ooaeldexed  to  be  paxe  and 
typloal. 

'Xyploal  findings  in  the  digestive   tract  axe  aa  iol- 
lowe  and  axe  genexally  true  of  all  blxdti  autopsleut 
Edeaa  of  walla  of  Intestine  and  exoesclve  fluid  exoxe- 
tlon,  oongeetlon  of  duodenum  and  henoxxhaglo  ant  ex  1  tea. 
the  liver   1b  swollen,  pal*  and  hemoxxhages  axe  present 
In  the  pxoventxloulous.     The  digestive  txaet  Is  general- 
ly oongested.     The  longs  axe  vox?  edematous  and  a  aexous 
exudate   Is  present.     The  kidneys  axe  usually  pale  and  In 
a  few  oasea  petechial  hemorrhages  axe  found  on  the  our- 
faoe.     Bateohlal  hemoxxhages  on  the  heaxt  axe  coonon  sad 
axe  pxeeent   In  pxaotloally  all  oases. 

Disregarding  the  clinical  findings  of  avltanlnosls 
A.  which  wexe  confined  to  one  gxoap  of  birds  that  wexe 
known  to  be  In  that  condition,  the   poet-oorton  findings 
axe  very  typloal  of  field  oases  of  fowl  cholera,     Fxom 
s  ollnlecl  point  of  view  It  nay  be  stated  that  axtlfl- 


oial   inoculation  by  the  lntraveneous   route  produced  typ- 
ioul    ibul  cholera  which   does  not   vary   from  field  cases 
of  an  acute  nature.      This  conclusion   Is  based  on  the 
coarse  of  the  ul  cease,   and  the  pethologloal  and  bacterio- 
logical   findings. 

She  group  as  a  whole  shows  the  presence  of  bacteria 
In  the  lungs,    liver,   spleen  and  heart  blood,      'ihls  was 
demonstrated  by  the   use  of  klatsoh   preparations  stained 
with  methylane  blue.      She  greatest  number  of  bacteria 
were  observed   In  the   heart  preparations  and  cooperative- 
ly smaller   numbers   in  the   other   organ  tissue   preparations. 
Occasionally  some   phagocytic  action  could  be  seen  but   the 
total  amount  observed  was  small. 

On  examining  the  curve  of  growth   of  the   organisms 
In  the  blood  stream  of  all  the  bixxls  taken  as  a  gsoap, 
several  general  and  outstanding  facts  will  be  notloed. 
First,  there  was  e  decided  decrease  In  the  number  of  or- 
ganisms free  In  the  blood  stream  at  the  end  of  one-half 
hour.      Second,   there  was  a  gradual   increase   In  the  numbej 
from  the  end  of  the  one-half  hour  period  to  the  end  of 
the  seven  and   one-half  hour   period. 

An  explanation  of  this  decrease   is  impossible  at 
present.     .  ooe  of  the  moat  logical  theories,  yet  to  be 
studied,   are  as   follows:- 


(1).     Kaohaaloal  filtration. 

(2).     Oeiilcldal  notion  of  Wood  la  vivo. 

(3).      Heat   shook. 

(4).     Agglutination  and  phyogooytoBlc. 

It   Is  nececccr;-  for  the  organ  las  to  become  adapted 
to  Its  new  raedlua  and  the  oonsequer.     development  In  the 
blood  etreara  la  necessary  before  the  true  aegreaalvoness 
of  the  organ ls»  la  fall/  developed.     On  entering  the 
blood  etreaa.   the  organisms  nay  find  a  aediaa  which  la 
antagonlatle  to  their  growth  and  nay  actually  be  killed. 
After  a  period  of  Inhibition,  whloh  appears  to  w, 
one-half  hoar  In  moot  oases,  the  aggressive  nctare  of 
the  organlBii  develops  and  there  Is  a  steady   Increase 
froa  the  low  point  of  decline  to  the  death  of  the  bird. 

Shot  the  aggress lvenesa  of  the  organlaa  le  inhibited 
to  sons  extent  la  Indicated  by  sons  stadias  on  the  gene 
atlon  time,     ■.hat  thle  work   la   liable  to  a  great  deal  of 
error   la  also  shown  by  the  probable  error  determinations 

The  generation  t lutes  were  calculated  by  the  use  of 
Uullsr's  generation  time  fomulas. 


&  - 


V   ■ 


In  whloh 


Leg  B  -  Log  A 

0  *  Generation  tlrae. 

1  m   Blapaed  t las  between  A  and  B. 


B  »  _  lii'ii  number  of  organises. 

luuher  of  organ!  tiac. 
The  following  rtcultB  are  obtained  by  averaging 
it  ion  times  of  the  organises  for  the  whole 
group  of  birds  from  period  to   period. 

I  probable  errors  have  been  figured  from  the 
data  as  uoed  in  finding  the  average  generation  time,   i.e., 
for  all  birds  for  each  period,     '.he  calculation  oi  pro- 
bable error  wats  ise.de  by  use  of  the  fo~  i'ormala, 


in  which 


P.;;.   «<J  X  0.674!;. 

d        •»  Standard  deviation. 

K        -  luaber  of  generation  tine*. 

X        -  Generation  tine. 

In  labia   EC  an  est  l;ao.te,  as  oh  own  by  the  probable 
error,   1b  made  of  the  rate  of  growth  of  the  orgcnlems 
In  vivo  at  various  intervale,      .he  generation  time  in 
the  one-half  to  one  hour  -peaking  empirically, 

la  abort. 


Sable  VIII.     A  sanitary  of  the  generation  time  of 
taste  urella  BTlold*  wnea  grown   la  the  circulating  blood 
of  birds  and  la  blood  eerum  and  whole  blood  outuldo  the 


:             Stoop 

Period  covered 

Generation  tiiae     t 

:     .11  iUrde 

| 

1  to  7b 

Mmm 

47  t  iy.  S  rain. 

PoBltive  to 
n  V 1     ■     tio 

. 

ft      If          tt 

« 

60   i                    .s 

Negative  to  cob- 
iplewmt 

■ 

n     If         * 

■ 

90  i.  49. i,  mln.        : 

:    >i 

if    it      n 

n 

6L  i.  18.8  Bin.        ; 

•.blood  and  blood 

■f-Xlg 

1    «      ft 

■ 

: 

70  ±  24.9  aln.        : 

:  thole  blood 

? 

Ho  0 

iOUXC 

. 

41  tilnute*               : 

:   Blood  uoraa 

• 

w    it       n 

a 

• 

60  uiruitoe                : 

She  generation  tine  t.lth  the  p  obable  error  for 
period,  ael&g  the  average  of  the  whole  group  of  birds,   is 
presented  in  Sable  IX. 


and   probable  error 
of  the  wbol  ->*  birds  from  period  to  period. 
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It   dOGtrOjS   BOttO  of  the 
sabBec,u*at  high  generation  tlue  In 
the  one   to  two  end  oae-hali  hoar  f-erlod  reaalte. 
generation  tlue   la  the  tin  and  one-half  to  five  sad 
half  hour  period  ebose  e  decidedly  lover  figure,     i'he 
orgenln  most  hew  beeoae  adapted  to  its  new  habitat 
end  Is  again  reprodnolng  normally  In  lta  role  as  an  ag- 
gressive organ lseu     Shis  la  substantiated  by  the  figure 
for  the  generation  tlae  of  the  five  and  one-half  to 
seven  and  one-hall  boar  period  ehioh  approeohee  near 
the  generation  tlae  of  the  one-half  to  one  hour  period. 

Using  the  sane  data  as  aeed  for  f lgaxlng  the  period 
generation  t  few  and  probable  errore  the  fsllewtag  oal- 


dilations  *ext.  mede.  \  nolo 

.    of  blx  g  the  gener  Ird, 

for  tii.i  one  to   sevan  and  one-half  hour   period  Is  47  t 
19.5  minutes,     rheae  figures   u-.ow  the  «lde  vtrlt-tion 
that    le  to  be  expected    In  t:  if  experiment, 

aula  ting  the  average  generation  tiae  for  tlM  organism 
the  average  generation  ti«  for  eooh  period 
the  following  figures  were  obtained:     M*       .      ilaute*. 
Kesults  frou  birds  positive  to  the  oonpleaant  fix- 
m  test  are  presented  in  i'ablc  II.     The  results  are 
sua  .is  are  o  lag 

. 
■J  of  one  b       . 
line 
in  the  grouj?  as  a  whole,     -hie  r,.  ,  to  the  ag- 

glutination of  the  bacteria  in  a  positive  eer 
is,    speoifio  egglutl  .      If  this  le  true,  the  bring- 

ing together,  or  agglutination  of  bacteria  into  larger 
clut..  I  enhance  the  reuoval  by  filtration  and 

phagocytosis,      -l.o  longer  period  of  decrease  Is  also 
aooonpeaiod  by  a  proportionally  greater  fsnantlt.it ire 
decrease  than    is   incurred  in  the  group  as  e  whole. 
Aotunlly  a  positive  serum  will  agglutinate  sone  exgan- 
isss   In  vivo.     theoretically,   that  may  account   for  the 


doorcase  In  the  naaber  of  organisms  Jn  the  first  boot 
after  Injection   tat*  the  blood  stream  of  the  bird.     In 
reality,  we  do  not  know  whether  agglut  lue tlon  take* 
plaoa  ox  not.     Hm  en.,  point  of  the  growth  curve  In 
the  gxoi.  ae  positive  to  the  ooaplemsat  fixa- 

tion tout   lu  allghtl?  lower  than  the  end  point  of  the 
group  aa  a  whole. 

data  presented  In  lafclo  III  and  susncrlsed 
M-ure  3  was  obtained  fxos  birds  negative  to  the 
complement  fixation  teot.     It  will  he  noted  that  the 
carta  in  Figure  3  oompares  Tory  closely  to  thnt 
ircira  1,  whlab  waa  prepared  mostly  from  normal  birds. 
It  will  alae  be  noted  that  the  end  point  of  the  curve 
Id  slightly  higher  than  tha  end  point  of  the  growth 
curve  obtained  fxoa  pool  live  birds.     'Xhle  Is  the  vari- 
ation that  would  be  expeoted  between  the  growth  curves 
of  baoterla  la  the  blood  stream  ef  positive  and  nega- 
tive animals. 

She  results  obtained  on  the  groap  of  birds  de- 
ficient  In  vitamin  l  are  summarised  In  Sable  I?  and 
as  presents  s  growth  carve  thst  dlffere 
from  the  grovth  carve  of  the  organism  la  sny  other 
gronp  of  birds.     She  length  of  time  of  decrease  la 
eompsrable  to  the  one  hour  period  in  the  growth  ourve 


of  the  oxganleu  In  the  bod;  of  Jixda  positive  to  the  coo- 
pleac  .  La   Ions  continued 

decxtouo  several  tkeorleo  havs  bean  cuggeeted. 
(1).     •,'utrltional  deli 

.  oxgan  tissues. 
'.     Preaenoe  of  ai  exoeec  oX  uxntet  In  blood  and 

^uaoariee  of  the  expcrl- 
gsnexutlc 
Bhloh  ths  p.  atexmla- 

..ad  viiolo  blood 

i    fox 


mental  woxk  •• 


atlor.e   ..jxe 

■     . 


.     ifc    41 
oultu. 

IB  OWUSl  it   will 

be  noted  that  the  gioatli  ouxve  sjj  llM  oxgaaiisu  la  vivo 
•seuows  practically  the  eaao  proportion*,  ae  the  v 
group  growth  ouxre.  aftex  the   Initial  drop.     i'iie  ouxto 
xepxesant  lap  the  gxo«th  la  whole  blood  i.-howe  a  screed 
dxop  at  the  end  of  the  one-half  hour  pax  lid.      EfclO  de- 
crease In  auahoxc  aay  be  caused  by  several  facto,    . 

(1).     Phagocytic  notion. 

(J.      .  ernlcidal  notion  of  the  whole  blood. 


(3).     Eotnxal  death  da*  to  an  onf avo rab im  median. 
As  yet,  we  ere   unable  ta  state  the  true  oouee  of  this 
decrease. 

The  oaiTa  of  growth,  of  the  organ lane   In  earns, 
fall*  to  show  the  drop  at  the  end  of  the  one-half  hour 
period,  aa  It  daea  In  the  whole  blood.      taetead,    it 
ahowa  a  narked  rise.     Thla  night  be  explained  by  tba 
statement  tbat  the  aemn  aaa  call  free,  nore  fayox- 
able  fox  the  growth  of  the  organists  and  non-germlcldnl. 
Boa  truo  thla  eta  tenant  ta  moat  yet  be  deteralned. 

Front  the  one-hcli'  boar  period  to  the  end  of  eight 
bouxa,    tba  onrrec  repreaentlng  the  growth  of  flsatoarollB 
aTlolda  In  artlflolal  aadlan  do  not   dlffex  materially 
fxoa  the  growth  oarreB  of  organ  lana  In  vivo  and  rlee 
Teraa. 


ill.      COKClOr  IOBS 


It  tUl  be  alffloalt  to  draw  many  definite  oonclu- 
e lone  from  thla  work.     Loae  general  conceptions  which 
have  at  yet  to  be  proved  oey  be  presented.     Doubtless 
It  oan  be  atated  that  whan  faeteurella  aylolda  Is  In- 
jeoted  lntxaTaneoueljr  In  large  doses  Into  the  blood 
stream  af  donaatleeted  fowl,  a  drop  In  the  narabex  elr- 
aulatlng  In  the  blood  t  troaa  ocouxe.     Ihle  drop  eaaaet 


be  definitely  accounted  fox.     It  Day  be  due  tot 

(1).     mtratlon. 

(3).     oexraloldel  action  of  blood. 

.     Loaa  of  virulence, or  aggxeaalveneaa. 
Shet  the  uxop  In  naubere  lr»  not  due  to  beat  ehook  16 
Indicated  by  the   iollowlrv-   Investigation. 

Sao  tabca  of  whole  blood  were  Inooulnted  with  e- 
qual   amount  e  of  culture.     One  was  inoaboted  at   37°  C  and 
the  othex  et  41.  7°  C.  ah  lob  was  to  approaoh  the  body  tea- 
pexatttxe  of  a  blxd.     Plate  ooonte  fxon  theee  tabca  at 
stated  pexlode   Indicate  no  dxop  due  to  heat  chock. 
iable  X  below  ahoM  the  xeeulte  obtained  fxom  thla  ex- 
po lnent. 

Sable  X.     She  gxowth  of  iaetcuxella  avlolaa  at 
41.7°C  and  at   37     . 


Tcapcx- 

rs  alter   Inoculation 

atuxe     :  * 

o            4 '  1        l    ,    a    ■.    * 

• 

41.7°   : 

ti.l.:   :    6.19    :      0.69     :9.44   :    9.47 

:     9.54 

• 

37°       ; 

3.10   :    0.13  :      3.68     :9.S2   :   9.52 

:     9.87 

-L 

*Bacterla   per   oc. 

It  waa  conaidcxed  doubtful  that  the   fi°  uidden  change 
In  tenpexeture  would  be  destructive  to  onybaotexla.     It 
waa  considered  worthy  of  atudy,  however.      Vhle  terjpexatn 
change  doc*  not  have  any  lethal  effect  on  the  oxganleaa 


Indicated  ky  the  log  of  the  averages  for  each  period  In 
Sable  X.     Growth  ooouro  normally  et  41.7°c.     shle  does 
not  explain  the  death  of  any  organism  oa  intra  rer.eoue  in- 
jeotlon  Into  a  nn  end  higher  temperature  uedlum. 

iowl  cholera  may  he  produced  experimentally  by  ln- 
travoncouB  injections  of  fct^ffUa  MJL2l*«  «»•  dia- 
ease  produced  doee  not  differ  froa  aoute  field  eaaea. 

Vitaialn  A  deficient  birds  do  not  appear  to  be  any 
more  aueoeptlble  to  lntraveneoue   Injections  of  Pasteur- 
alls  STlolda  than  do  birds  en  en  adequate  diet. 

Birds  positive  to  the  complement  fixation  test  for 
fasten rella  avlaHa  show  no  mors  added  resistance  to  In- 
treveneoae  Inoculation  than  do  birds  negative  to  the  teet. 

the  ourve  of  growth  of  Pastourolla  artel  da  in  tIyo 
Is  the  same  as  that  for  growth  under  other  condltlone* 

mtraveneeue  Injections  of  gsstoarella  avlclda  pro- 
daosd  a  general  ssptleeraa  throughout  the  body. 


vizi.    Acnonuaoam 
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